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(54) FUNCTIONAL POLYMER, SOLID POLYELECTROLYTE USING THE SAME AND CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a functional 
polymer having a specific structure in the molecule, high 
in ionic conductivity, excellent in processability, flexibility, 
mechanical strength and ionic transport number, thus 
useful as e.g. a solid polyelectrolyte. 

SOLUTION: This functional polymer has a structure ■—^:^-^^i*^':¥Yr' 
expressed by the formula [X is C0-CFZ-S02 or S02- ' 
CFZ-CO; Z is F or CF3; Y is H, ammonium, an alkali ^ 
(alkaline earth) metal, transition metal or rare earth 
element; (n) is a positive integer of >2]. The 2nd 
objective solid polyelectrolyte contains 10-100wt.% of 
this polymer, and the 3rd objective cell contains this solid 
polyelectrolyte connectedly sandwiched between 
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#im^9-2 63 6 37 



1 2 



I 

Y 

(dCf, x*j:-C0-CFZ-S02 -ti:ii±-SO 

tOOOl] 
[0002] 

tm'hh:ibf)^^^fix^^h. #t;MWcoi^v^r:i 
xcommmtLX^^h. 

[0003] mm. mmMm-^ :^y^mu^t lx 

uzmmzit^. mmtim^^fzi^^mmm^. 
m^i^±.t^tt uz. mm^t-^mmm^.- 

mtLX. ^t^ymiif^-^y^y^mtfcii^^J 

-r-m^ij^mm^iix^-^^. ccr>dm^<^-^:^ym 
^mL^\ -if^^yim^^'j-^-m^mnrnz 

mmmmm^. ^y^mkitiizxmm^it 
iz^muzmm^x^6^j:mt u\ 
[0004] z{7)^'j^-mmMM^u^t Lx , w 

r i gh tCJ;0jKUXf-^y:t^i^Fi7)r;P^U^I^ 
i^M^i^^^. British Polymer Jou 
r na I . 7%, P. 3 1 9 ( 1 9 7 5 ) TiS^^fL, 
W^f^jKUx-^-uyiJ^Un-yi/, :f<*Jy'a}::uy:;^:irz^\^ 
^j:i:<7):^0rii^^uyji:-T)\^mm^'t^tlX . ^ 



ad) 



m^^tixi^h, 

10 [0005]— A rman d 

:^y^Mti^f6^UTC^-g. (#M58-2 2 5 04 5 

'fmmizmm'^fzmmmtfzii^V'7-^ h o 
i^zmm^^fz-^'^^mmm'^tLxnm^t. ;n 
hr^')^-^^v')^v9:^tLx^m.^'^^-^^mm 
^^tz-m'it^mm^m^m^uznmm^i^y 

^mt\>zm^h^^ , ^ y#ii)£0»*^'+^T^ 

[0006 1 ;£?);<?^;tyli^^est#-l-s:^^^ LT. 
T-^y^^^'}'?-^iizm:&^^x^<ifmt'^h^ . ii 

:ty {ttz{iT::^yi'y) i^^^i&nrtg^Sr^mi-y^ 

i-y ^ ity<^Xotcm^ ^y^mm\ttib, m 
^commco&^mm^^tixis o . m:comt bx 

30 (i, ArmandibA^7;^:tDX;^;^:yi^^or/^;^?U^ 

5: (4irK^^^^6^5 0 98 1 l^^m. Elect 
rochimica A c t a . 4 0^. P . 2 2 5 9 
(1995) ) , DesMarteau i^7E)^A-7;U^ 

■f-SM-o^^r ( J. F 1 u o r i ne Chem. ,7 
2^. P. 203 ( 1 995) ) fS^tTV^^, L*^ 

mM^^tiX\^hzti^(^=yy^fH ^ymi^ 

40 yi^y^m^tMm\^tzM:^yimmm^^tifzh 

^i^io. mmMmm<^m^^znuxi^^^it'kt£h(n 
xh-^tz. 

[0007] 

i^y'm^'msmz^^hztx'^\^^^ ^ym^ 
^-^L. Mxti, m.'^, mmmw.. -f^t^ii^ci* 
m.fzi^mmm'm^=f-nm^m:-th 1 1 1 tc, ^ 
ii^n^^w^mmmzm^tzmmM^mmh i:><r> 

50 
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3 

[0008] 
[0009) 

—i~ X - N 5t ( 1 ) 

I 

* Y 

[0010] Xti-CO-CFZ-SOa - 

tfzii-SOi -CFZ-CO-t'^^il^-ffflfgt'^ 

2 . ±ifi 1 <^m.-^W^ 10-10 OMM%tO$eH-C^W 

[0011] :^mmmm^m^itm^^mi^mn 
ttxm^^im^. tmMn(^Mx. isim\^<^^n. ^ 

:^ym^^±.tc>:<rimX\ ^fifi^^tT 9 0S* 

%^m<Dmx'-^mm?:t-^'thztiin^^h. ^t:. 
-m^ ( 1 ) mm^^tm^mm^mM^m 
^^^mmmco^m&ifZM ix s om&%i^xr<^^m 

i>m^iimmnm\'<7^^nt lx vi-^j^^^^rm 

[00 12] icoxoiz. ^mmm^^fmi^mmn 

^mz-^mm. mmn^m^-^'^xm^t^^ttn' 
( 1 ) vmiimm^t^M-^m i o 

M^Oh^WT hZt i^'mX'h 10 gs% w± 
:^y\mw^'i^hhh, tfz^%^J^<n-m. ( i ) 

^fimm^^hm.^mi-mmy^ym^i:^'^mx' 
:i(^m.'^^m^x'^'^'f-nmM%ti.xm\^h 



3) #m^9-263637 

4 

oomfi%. iffi^L<{ii 5-1 ooMi:%. mzm 
L<{i 30-100 mm%(r)^mT^^tt t ot^ 

[0013]$ ^^z^^mco^^^mmmmittx 
jEmiiXv^n.m^^^^^^^xmmmm'hzttn' 
:icoxoizbx'i%£^ii^mmh^wmz-^^nhh 
m-hh. mz. imnxi^%mz^)i-^j^>iity<r^m 

10 'kirLx%wm^m-^Lfzimm^^j^%m^m.t 

■^w-^zistfimm'hh-^ ( 1 ) ^oYtiL i t'$) 
0. -m. ( 1 } (omm^m.-^mMi^zmntm 

[0014] ]:xrif%m<n-^'it=^mmM'^mmm 
m.^mz-^\^xnm-h. ifmmn-^mt^f-mz-m 

:iM ^YT-^yt^zrxnvy. r)Vij^)^UA:^y. 
r}Vij^)±m.±w,^-^y. wmm^ity. m±m^m 
>f AofiT y^-^A-f ^ry^M ^j-yjsg^LJt^tit 
s:^ic?)T:'^>^. ttchh. -m. ( 1 ) x-mixh 
m&(r)H<^m^wxh'>xh. -m. { i ) xm^ti^ 
m^t-m^ ( 1 ) mm^tmrn^i^xh-oxh 

( 1 ) l:i9\-com^m\b bXi±, TM3 
iz^.t-m^ ( 2 ) ( 3 ) coliitS: 

30 mf^attn-^l. ( 2 ) £7)^jiCi3l^T, G 

(i-CO-Rf -co-. -C0-Rf-S02 - 
SOz -Rf-CO-, -S02 -Rf-S02 -T'^ 
$^L-&r{ffiST^O. Rfti^t^Cl-l 0WN-7;l' 

^rnr/u^v-y^. ^/di^Jj^5gj2-i s^o^m^ovn- 
f\^coxii^t^j:^\ -m^ ( 3 ) mmi^z^ 

V^T. G' {i-S02 -Ar-SOz -SO2 -A 
r^CO-. -CO-Ar-SOz ~. -CO-Ar- 

CO-vm^tll-mMXh^ . Ar(iZfffic05^#;^S 
40 ^^t, 
[00 15] 
Ut3] 
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G - N 



■m 



9-263637 



^ ( 



6 

2 ) 



( 3 ) 



[00 17] 
C^t4] 



10* 



- G " N - X - 



SC < 4 ) 



- G - N - X - 



( 5 ) 



20 



[0 0 18] (ffit, X, G, G' , Yii-W^^il) 
- (3) ^islt, ) 

^ ^i^z^mmm^mt-^^ ( i ) r^^namit*^' 

[0019] :$:^B^c7)M-^C^3^^T . ( 1 ) T 

^mx^hfzih^'^t^^-m%'^tvxmu\ - 

<ii5 0fiM%. j:0^ff^L<{i7OSfi%W±r^> 

0. ^t::^if^L<ii9 0fil:%ahT^5)-&, ttz. ^fc^ 40 

}L<^wmxti:\^t'^. ®am o o o , if ^ t<ti2 o o 

\t-^mmmr:hh<r>x\ 51^(^5 0 077, ^tL<\± 
IQOTiXhh. 

[0020] ±MM 5 KT:^^>'av>-rni|^^g-ri» * 50 



-CFZ- (ZiiF^/itiCFB ) ^c7)5iiV^E«?[^ 

-Ym'^i,m<^^ym^Lxm. ^cDtzf^iz^i-:^ 

m-^ii;^i~:^ymm^'^mi¥t ixm^^x^m- 
hi. 

[002 1 ] l<7)J;:ol,Z:^i'ty (ttzli7-^y)<^ 

^mmmt^mmM^ti^y^fi^^ ^yimi^tmm. 
B^<o^^y(^^i^i^t^:itt/^X'^^, cc^m^it. 

i^^J.m-mf^^rih^^'f-mWmMMi^Zh^^XT:::- 

ty. :f?i'^ybUzif^m^mxhiz}i}imtchhio 

wm^'^fzM^=f-%mmt^m^^ymm^o . sn. 
j^tm^\ zmmm.m.(oAity^mmtLxm^^ 
fz^. mmiWX:^^:^y:^xx/T:^:^y(owm. t 
fzumm^ri^mz.^, z<omm^m^zj:imKmm 

*^'««^MJRB^^S£l:x^.;l'JE^-^s6^ffiTt;o=5:;^^ 
lfzmtl<^j:^\ 

[0022]-:^. >'y:/}i^^:^yimf^^mMtfz\i 

i&\,-^mm.co^r^x'mm^j:t:izm^i^. z<oxo^^ 
mm^W}^:! ^^j:\-^rzibmm&^mtti zti}^x 

•mmznyr-^x. -m^ ( 1 ) mmi^^i-^-^i^ 

tti>izf^coW^t:U'^lxmm^^X-'h6, ZZX 

( 1 ) m^^ttthU-^coi^&t^^Tti 
izif-^xmc^nMmz xt-^^ ymmcop^mu l . 
^m:^i-^ymm^^^m^titf)^. z<^^^i^^ 
miKp\^^i^z\mix:^^yrynm\^±^'^iz 
tm-^ h , z<^x 0 \z-^mmwiimmmm\m^ 

[0023] ( 1 ) mn^^-fh^t-^^t. m 

iH>^3-50 18 60^4i^#. DesMartea 
uh, Inorg. Chem. . 2 3^, P. 3720 
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(5) #^9-263637 
7 8 

if. (1) ^^Sr^^-ft-^a-jf^'^^t';^ [0 0 24] 

L i N ( S i M e 3 )a 



F S Oa - C F 2 -fC F 



C 6 ) 



X - N 



L I 



[0025] {^it'XU-CO-CFZ-SOz ^Os ) cO^jSt:: J: ^^t b>' (T 



F3 r^^. ) 

■^j^cti. ^ItJJ. Am. Chem. Soc. , 82 
m. P. 6181 (1960) I^Ztm^tlX^^^lfWi'^ 

yttzlt^^Vyfi-tnra^^uybm^mm (S 
ZCF^CF2 + SOs 



2 - C F - C F 



[0026] 



S O 2 - o 
( 7 ) 



[0027] i Z :iX'ZitF tfziic F z Thi>. ) ★['(1:7] 
[0028] * 

mm 



2 - C F - C F 



FSOj-CFZ-CF 



S O 2- o 

( 7 ) 



( 6 ) 



[0029] CmXZiiFtfMCF^ Th^. ) 
tfz. (1 ) l>z^^'^XYt^'J^'y^cr>Xv^j:r)V 

mhh\^\XYif^M%w^xhMt^<n^mL^x\^h 

<om^ ^^ycom-^iznYi.zx-yxm^m^mmi'h 
ztii^'^h. ^{7)titbm^i^^t^<r)Yco^co^m^:t 

[00 3 0] $^>tc, ^MSC^-M (6) T'/T^$fLi!^50 



IOCC3 Fe COCK CIOCC2 F4 COCK 
FOCCt Fe COF, FOCC3 Fe COF, FOC 
Ct Fi COF. FOCCOF. m-Ce H4 (SOi 
Cl)2 , o-Cs H* (SOz Cl)z , FO2 SC 
4 Fs SOz Fti:}i(n\t^^^MtXm^^^Xifft^^ 

[0031 ] ^%m<n-^^=f-mwmmmt~'m: ( i ) 
m^^\>z^^y'm^^^^htzisb. mit^<r)^x 
^^yBM^^^-thifi. ^^\.z^tyBmmm<^tz 

^L<a6osfl%OTT'#,o, mzmt<u4om 
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(6) 

9 

[00 32] $fb(i>^^-7;l/:tnx;l/7fvyKM^W- 

^m^i. -^^ ( 1 ) mm^^i-m-^wtU'^L 
xmth^tti^X'^h. ;i(r>mMnm^^ytix 

"^i^y. m^^m^ti^y. ^±m^%f}^ty. ry 

^-f7j^^i:ytj:}£f^^miiihi}^ity'k-mm^. 

tfzmmwm.^i'Xmf^^bt^xth. zm^ 
^ymimmhmmizX'^xm^j:hfzihA^:^yc^m 

YbLxii'j^^j^mtK. tfzm\rt^mmnt 
ixij^j^^j^^im-^^zttmtt^\ mz'j^^ 
j^-d:nmbLxmm^^-^. m^^n^mm^mt 

L<, :i<nmtLXC?z SO3 Li, C4 F9 SO3 
Li, (CF3 SOi ) z NLi , L i BF4 , L i P 
Fe , LiClOi , LiAsFe ^mihZttf^X't 

[ 0 0 3 3 ] , i^wm^%^m?m^'^<n^ ity 30 
axvxrxhh, ^KTy^mmtLxm^^htimnt 

r^a^^hy. ru\f^^'^hy. 

-fbTfc^^a'iOiS^i^Wtaft^it^. ^U:fx^wy;^-^i/ 
H, jK'jx^i^y^f^^rv'K, rKUrotrixyit^i/K^ 
fc'<^fl§IS©t'-KUx-fMl:^!t^. rK'Jt'xyry^yi^^f 

aroeuy) •cf^^$n^b'r:'jr>'7;u^7'< m 



#m^9-263637 

1 0 

[0034] i.:u:iKHj L/::£^f*= , mn. ^m\^ , 

fztk. mmmkiiZfmiinx'th:^m. mm^^co-m^ 
( 1 ) m^^ttim-^mzmmm. ^mnmm^ 

X. mmmmmm^t^zm^txi^-hmzm^ 

Mxt^iim. i^^^mmmmm^i^zmm 
t^m. mixmj^tfzmwi^z-^m^m^^^ 

^m\tthiz. s^is^yT-. 'mt^htiim 

ti^v^t. ^hiz. mmi.irzm-^f-mmmn<^ 

[0035] mzi^mi(n-^'it^mmm.^m\^fzn. 
mzr)\.^xum-h. i^^m(^nmtm.(?^-u^^w^ 

B^ii) cr>mM^^irm^i^<^mm^iz>( $ h 'j^ 

mzMLxm\i-t^mmnt ix ^j^^M^i^^m^^hz 
bipntL^\ :Lcom. mm(7yiE^iiXifn^btx . 

MtLT. nmizML-^^-^ma^^^im^^mM, z 

COmbLXii. Lii-iCo02 . Lii-1 NiOi . 
Lii-i MnOi , Lii-i MO2 (0<x<l. Uii 
Co. Ni , Mn. F eCOU-^^^t) . Li2-y M 
nOz (0<y<2) , Lii-x V2 O5 . Li2-y V 
2 O5 {0<y<2) , Lii.2-i'Nb205 ( 0< 
x' <1. 2) . ^j:h:(^)mm. Lii-i TiS2 . L 
ii-i M0S2 . Li3-i NbSes (0<z<3) , 

xy. Tif'jT-'jy. ^vr^ymmw. xK'jr-fe^u 
TKU^x-^yt'-i^y, ^Kyruu-yt'xi^y. 

[0036] ^/ct^KfcL-C. ±feiEI&tCt*LTtSV^€ 

SX'^^A- 'J^'^A-^^^h'cO^BU^'^A, Al S 
b, Mg2 Ge, N i S i2 cO^Sfal^k'^, 
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SnM^ittt (MtiS i . Ge. Pb$r^ 
-t. ) . S M' y Oz (M' tiW, Sn, Pb, 

m^mmim<7)V^^2^^mP^. Li? MnN4 . l 

i3 FeN2 , Lis-i Coi N, Lis-i NiN, L 
i3-i Cui Lia BN2 , Lis A 1 Nz . Li 
3 SlN3 com<m^J:t'cr>'ty^^y::^xm^mihti 

[0037] :$i^mcr>mmzm^-^^iEMm/nm>t±B 

mm. x/^y^'jy^. cvd. mmnx. mm. 
mmm^^uyy-iztiiizu-^Lx^th. ^(n 

y) ^^^mczm vn-m^)-^-. x^vy~y^^ 

[0038] mm(ommi>t. v ^^M.nm<om^. lEm 
tnmijm^'fmi^mM^^iirLxm-^tfzm^^^-r 

^bi)^'^^. tfz. mmiiL(^'mn±t:&\trzii 
mmz^^uz^mmtt^zbi^-^mxhi. mzm 
i^mMm:mm'^. mmi^mizX':>xmE^mm 

mnMi>znmL^ii!,t. i^i^rzi^mM^f^^m^ 

R&ih, wmm^j:mfzi^<ommmitrz^. /^-y^ 

[00393 :^^m<^M^mimmm<om^'^^ ^ yiss 
^nmmz^t^zti}'(y. ^:ty^mm'^mt^mm 
mtLxi^tifzmm^^t^. m-h:^WM<^m'^i^^m 
mx^i^'^immzmuzJBmx. ^:^y^mmmt 



(7) #^9-2 63637 

1 2 

mmmmmmmi^mmtLxm^w^ 

T#s, mz:^mn<^m-^mm-^^mimm^b tx 
jnxtt, mimmmzimtfziib. ±=im^^M.nm 

m^cnm.^t^m^f'. mmizmx^^fzi^}m±m 
10 ti'^ 

[0040] 

iznmmmh, 

[004 1] 

im^mi ] mmmz^.ymmiso3 ) brhyy 
fi^^uxf-uy^^^-^^trzm. {^^4 

20 yx^yl-rSy^&LT^^^. y/^;tnx/t';t;- 
[0 04 2] Uf-^i^t';?. ( hg;^f'/Uv-u;u) 

rSKc^lmo IXU -y V/UTHF (Tb7tVn77 
y) mm 50ml (0. 1 5mo 1 ) tZ. 7K^t^:^(^ 
j^77l^:tnx/l'7t^rx;^>''7;l^:tnr-t^;^7/^:t7^ H 
27g{0. 1 5mo 1 ) $:THF2 7m 1 T-^L/i 

. fz. mii\UzM^^^P%^\Uzm>':r.i-jUJi-i-jl^2 0 
0 m 1 X-m^ll 0 0'C-eK^$£j^LTi;:;SII-fe^OS'^i*: 
30 14. 8g^t#^o ::iOS'^f*:5rX^y-/1^8 0in 

?§g?t7t:f^r;?[iL-T^»^i^|t ^ 1 . 6 1; -y h 
X9g{;oM^i^^%rz, 

[0043] HCOm-^i^iDTH F i§f«c7))i7C5f^^^ 0 . 
3 2d 1/g (3 0-0 T^m^i^XhhZbtmi^ 
X^fZo DMF (VV^/l^T^yl^ATS K) I^TSltfOGPC 
tl^gCct 0 ^i^^^nfcJi^ 'J .X^l/ y^^i?)Sfi^J^:J>^ 

^cOlSm, Li AM. 4fift%(|hM4. 2M%) 

^hJl-tm^lfzl^^. 16 54 cm-i (C = 0) , 1 
3 2 2cm-' (SOz ) . 114 6cm-' (CFz ) O 

m^-'!^i}^um^rifz. ^fcisi[-^*<7)ffl^^y-/u 

^?Sti7)i3F-NMRA^^^S;^iJ^tr)j^m, CF2 Sic 
nm-fl-lOS. 8ppm (CFC l3 ^0#- 

RX^:7h;p^^ (f-h7;^^vui^7y (tms) S 

m)t>ZX^. 167ppm(C = 0), 116ppm 

50 (CF2 ) csMm^m^-i^^^mm^tit:. i:j±<Dm 
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1 3 

^^i)^^. (-S02 CFaCONLi-) $rJL-'y 

(2 or) <D>(yfymm^texio-^s/cmT$>-o 

[0044] 

';ry7/P^5>f Ki g$'NMP2 0m 1 {zmmLX^ 

m^^(i6x 1 0-6S/cm-C'$>-??^c, 
[0045] 

[ mm 3 ] nsfei^j 1 Tim uzm.^^ i g tc^K u 

l^y^iju-zK^^fieOOO) Ig, THF2 0m 

1 m-^txi^-mmxuz. tmmmmnt 

nmizlxx^yux>'-h±i>z^^:^htX^m^B- 

2 2MmcOS^i*:7'f;l'A^«Uc. |IMM2t[H]^ 

izix ^^yimm^m&uzB^. mis.^:^yimm 

ti8X 1 0-6s/cmT'^)oy:!. 
[0046] 

[||SfeM4 ] 7mL/:^7yU^axyl/:};a;^S/7;^'7i-nr 
-fef-;L'7;U^^'f H27g (0. 15mol)$:THF 
2 7mlT'#5Kt/i?S?ScO^C'J^'>i.t'J7^ ihV^i- 

0ml (0. i5mo[) ^mfUztk.mSitvmMi 
LsnmK^^-^ti. :icr>^m\tiUzm^i^^iFmuz 
f^i;x-f;px-r>u2 0 0 m 1 x^^bfz, -pi^rfi-^ 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



DETAILED DESCPOPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cell using the solid polymer 

electrolyte and this containing a new functional polymer and this macromolecule. 

[0002] 

[Description of the Prior Art] It is known that the polymer which has an anionic machine in a molecule 
is useful as functional polymers, such as ion exchange resin and a solid acid catalyst. In the case of the 
polymer which has an anionic machine especially with a high degree of dissociation, the function is 
remarkable as super-strong acid. As one of the uses of this kind of functional polymer, the use as a solid 
polymer electrolyte for a fuel cell or li thium cells is also known. 

[0003] Actually, since the solid stafe"Baftery which constituted the solid electrolyte as an ionic migration 
medium does not have a liquid spill compared with the cell which used the conventional electrolytic 
solution as the ionic migration medium, while the reliability of a cell and safety improve, thin-film- 
izing, layered product formation and simplification of a package, and lightweight-ization are expected. 
As this solid electrolyte material, ion conductivity ceramic material or polymer material is proposed. 
Among these, the former ion-conductive ceramics material has a frangible characteristic, and layered 
product formation with an electrode is difficult for it. On the other hand, since ion conductivity polymer 
material has processability **** substantially, it is desirable that interface maintenance which followed 
in footsteps of the volume change by laminated-structure object formation with a cell and ion occlusion 
discharge of an electrode as a solid electrolyte material can be performed etc. 

[0004] As an attempt of this polymer solid electrolyte, the alkali-metal salt complex of a polyethylene 
oxide is British by Wright. Polymer It is reported by Journal, seven volumes, and P. 3 19 (1975), and the 
solid electrolyte material which made a polyacrylonitrile, polyphosphazene, the polysiloxane, etc. the 
frame further the center [ polyalkylene ether system material, such as a polyethylene glycol and a 
polypropylene oxide, ] is studied actively since then. 

[0005] On the other hand, Armand and others has reported the alkali-metal salt which made the anion 
the perfluoro sulfonyl or the carbonyl imide machine (JP,5 8-225045, A). This electrolyte has the high 
degree of ionic dissociation, and can use it as a solid polymer electrolyte which made the electrolytic 
solution or the polymer matrix dissolved in the low-molecular solvent dissolve. It is as low as 0.5 or 
less, when applying to the cell to which a cation is moved by inter-electrode, the efficiency of ionic 
migration is not enough, and also a concentration overvoltage occurs by the ionic polarization which 
carries out induction in charge electric discharge, and the cation transference number of the cell 
constituted using the solid polymer electrolyte which was made to contain a metal salt by having made 
these polymer into the matrix, and was made to dissolve is this. The problem of the current density of 
charge electric discharge being restricted was left behind. 

[0006] As a method of improving this cation transference number, there is a method of making the anion 
fix in polymer, and only a cation can be made to conduct. Although the electrolyte which only such a 
cation (or anion) can move is called single ion conductor As such an example, strong ion exchange resin 
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like Nafion is begun, and the polymer of various structures is proposed, as latest example the solid 
polymer electrolyte (the patent official announcement No. 50981 1 official report -) which consists of a 
polyether with which Armand and others combined the alkali-metal salt of fluorosulfonic acid [ Heisei 
6 ] Electrochimica Acta, 40 volumes, P.2259 (1995), DesMarteau and others has reported the polymer 
which has a perfluoro sulfonylimide sodium machine in a principal chain or a side chain (J. Fluorine 
Chem., 72 volumes, P.203 (1995)). However, each of these single ion conductors reported 
conventionally had the inadequate degree of dissociation of an ionicity machine, and since the content of 
an ionicity machine was low, ionic conductivity was limited. The property of material was such [, of 
course ] conventionally inadequate also in functions other than a solid electrolyte, such as a catalyst. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention has high ionic conductivity by having an 
ionicity machine with a high degree of dissociation with high density, and it offers the solid state battery 
which used this for the solid polymer electrolyte while it offers the new fiinctional polymer material 
excellent also in processability, flexibility, a mechanical strength, and the ion transference number. 
[0008] 

[The means for solving invention] That is, this invention is as follows. 

1. Polymer characterized by having structure expressed with general formula (1) in molecule. 

[0009] 

[Formula 2] 

—f- x-N ^ . ( 1) 




[0010] (Here, X is a bivalent machine expressed with -C0-CFZ-S02- or -S02-CFZ-C0-, and Z 
expresses a fluorine atom or CF3.) Y may express alkali metal, alkaline earth metal, transition metals, 
rare earth, ammonium, or a hydrogen atom, and may include two or more kinds in the same molecule, n 
is two or more positive integers. 

2. Solid polymer electrolyte characterized by containing polymer of the above 1 in 10 - 100% of the 
weight of range. 

3. Cell characterized by electrode having joined through solid polymer electrolyte of the above 2. 
[001 1] When using as a solid polymer electrolyte, the functional polymers of this invention are the 
purposes, such as processing of this electrolyte, reforming of a moldability, and improvement in ionic 
conductivity, and can contain a plasticizer in less than 90% of the weight of the range to a total weight. 
Moreover, electrolytes other than the polymer containing the structure of a general formula (1) can be 
made to contain in 80 or less % of the weight of the range to the total weight of a solid polymer 
electrolyte. Especially when usingJai Lthe solid electrolyte of a lithium cell, it is de sirable to choose a 
lithium metal salt as electrolytes other than the polymer electrolyte containing the structure of a general 
formula (1). 

[0012] Thus, the solid polymer electrolyte of this invention needs to contain the polymer which has the 
structure which the polymer containing the structure expressed with a general formula (1) in a molecule 
can be made to be able to mix a plasticizer and an electrolyte, can constitute, and is expressed with a 
general formula (1) 10% of the weight or more. The effect of an efficient ion transport can be discovered 
as it is 10 % of the weight or more, and sufficient ionic conductivity is obtained. Moreover, an efficient 
ion transport is possible for the polymer which has the structure expressed with the general formula (1) 
of this invention, and it can be used as a solid polymer electrolyte by this polymer independent. 
Therefore, the solid polymer electrolyte of this invention contains especially preferably the polymer 
which has the structure expressed with a general formula (1) in 30 - 100% of the weight of the range 15 
to 100%o of the weight ten to 100% of the weight. 

[0013] Furthermore, a positive electrode and a negative electrode can be joined through the solid 
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polymer electrolyte of this invention, a cell can be constituted, and the cell obtained by doing in this way 
is also contained in this invention. Especially, the material in which occlusion discharge of a lithium ion 
is possible can be used for a positive electrode and a negative electrode, and the lithium cell of the 
structure which joined inter-electrode through the solid polymer electrolyte of this invention can be 
produced. Under the present circumstances, Y of the general formula (1) which is the structure included 
in the polymer of a solid polymer electrolyte to be used is Li, and, as for the electrolyte added in 
addition to a polymer with the structure of a general formula (1), it is desirable that it is lithium salt. 
[0014] The component of the solid polymer electrolyte of this invention is explained one by one below. 
First, the polymer which has the structure expressed with the general formula (1) contained in the solid 
polymer electrolyte of this invention is explained. The polymer of this invention contains at least a kind 
of imido anion machine chosen from a sulfonylimide anion, a carbonyl imide anion, and a sulfonyl 
carbonyl imide anion by high density into a molecule, and has the structure in which a proton, alkali- 
metal ion, alkaline-earth-metal ion, transition-metals ion, the rare earth metal ion, or the ammonium ion 
carried out ionic bond to this imido anion. That is, even if it is the polymer of only the structure 
expressed with a general formula (1), you may be the copolymer of the structure expressed with a 
general formula (1), and structures other than a general formula (1). As an example of structures other 
than a general formula (1), the structure of a general formula (2) shown in the following-ization 3 and 
the structure of a general formula (3) can be mentioned. In the structure of a general formula (2), G is a 
bivalent machine expressed with -CO-Rf-CO-, -C0-Rf-S02-, -S02-Rf-C0-, and -S02-Rf-S02-, and Rf 
expresses the perfluoro alkylene machine of carbon numbers 1-10, or the bivalent perfluoro (poly) ether 
machine of carbon numbers 2-15. However, X in a general formula (1) does not contain in G. In the 
structure of a general formula (3), G' is a bivalent machine expressed with -S02-Ar-S02-, -S02-Ar-C0- 
, -C0-Ar-S02-, and -CO-Ar-CO-, and Ar expresses a bivalent aromatic machine. 
[0015] 
[Formula 3] 

—(r- G - N -4^ ^ ( 2 ) 



Y 

— (- G* - N ^ ( 3 ) 

1 

Y 

[0016] (Y may express alkali metal, alkaline earth metal, transition metals, rare earth, ammonium, or a 
hydrogen atom, and may contain the atom of two or more kinds in the same molecule.) m and m' 
expresses two or more positive integers. 

In the copolymer, you may include the structure of a general formula (4) shown in the following-ization 
4, and the structure of a general formula (5). 
[0017] 
[Formula 4] 

-G-N-X- ^(4> 

I 

Y 
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[0018] (However, X, G, G', and Y are the same as general formula (1) - (3).) 

Furthermore, the polymer of this invention may be a polymer connected with the bivalent machine with 
which the structure expressed with a general formula (1) contains a bivalent hydrocarbon group or a 
bivalent (poly) ether machine, and may be a polymer which has the structure expressed with a general 
formula (1) as a pendant machine. 

[0019] In the polymer of this invention, when the content of the structure expressed with a general 
formula (1) is high, since a cation machine can be held by high concentration, it is desirable as a solid 
polymer electrolyte. For this reason, it is usually 30 % of the weight or more, and preferably, the content 
of the structure expressed with the general formula (1) in the polymer of this invention is 70 % of the 
weight or more more preferably, and is 90 % of the weight or more especially preferably 50% of the 
weight. Moreover, it is the feature that a high-polymer thing is obtained easily, and, as for the polymer 
of this invention, the high molecular weight object of a-1 million number is easily acquired for weight 
average molecular weight from tens of thousands, although there will be especially no limit beyond it if 
the minimum of the weight average molecular weight of the polymer of this invention fulfills the 
conditions of a claim 1 - usually - 1000 -- it is 2000 preferably moreover - although there is especially 
no limit, since what has not much high molecular weight is difficult to compound as an upper limit of 
the weight average molecular weight of the polymer of this invention — usually ~ 5 million ~ it is 1 
million preferably 

[0020] since each above-mentioned imido anion is stabilized by the strong electronic suction effect of an 
adjoining -CFZ-(Z is F or CF3) machine, ionic dissociation of the N-Y combination in a general formula 
(1) is carried out strongly, and, for the reason, a cation (Y+) shows high mobility ~ it is considered a 
thing Therefore, since cations, such as a metaJ ion with high mobility or a proton, can be accumulated by 
high density in this polymer, this polymer is very effective as a medium to which a cation is made to 
convey. 

[0021] Thus, the electrolyte which only a cation (or anion) can move is called single ion conductor, and 
can transmit only the target ion. This feature differs from the ability of an anion and a cation to move in 
the solid polymer electrolyte which consists of lithium salt as a usual polyethylene oxide and a usual 
metal salt. That is, for the polyelectrolyte which made lithium salt dissolve to a polyethylene oxide, the 
cation transference number is about 0.3 and a low. Since concentration of a cation and an anion or a 
concentration fall takes place near the electrode and the increase in an overvoltage by this concentration 
polarization leads to a charge-and-discharge capacity limit or charge-and-discharge-energy degradation 
when this material is used as an ionic migration medium of a cell, it is not desirable. 
[0022] On the other hand, when using a single ion conductor for a cell etc. by a direct current or the 
alternating current of low frequency, since such concentration polarization does not happen, an 
overvoltage can be reduced, and since neither charge-and-discharge capacity nor an energy-density fall 
takes place, it can consider as an efficient cell. In the solid polymer electrolyte of this invention, it mixes 
other electrolytes and is usable with the polymer containing the structure of a general formula (1). 
Although the content of the polymer which contains the structure of a general formula (1) here follows 
on falling, the rate of the ion transport by other electrolytes increases and the efficient cation 
transportation effect is diluted, the cation transference number can be raised as compared with the case 
where this polymer is not contained. Thus, the cell constituted using the solid electrolyte of this 
invention can aim at improvement in a performance of charge and discharge. 
[0023] The compound which has the structure of a general formula (I) is compoundable using the 
synthesis method of various kinds of well-known sulfonylimide indicated by a patent official 
announcement [, such as the method of making the screw (trialkylsilyl) amide of alkali metal, or the 
nitride of alkali metal react for example, to a fluoro sulfonyl acetyl FURUORAIDO derivative, and 
compounding ] common 3-No. 501860 official report, DesMarteau et al., Inorg.Chem., 23 volumes, 
P.3720 (1984), etc. For example, the compound which has general formula (I) structure can make a 
fluoro sulfonyl acetyl FURUORAIDO derivative able to react to a lithium screw (trimethylsilyl) amide, 
and can be compounded (see the following-ization 5). 
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[0024] 
[Formula 5] 

L i N < S i M e 3 
FSOa - CF2-CF ^ — f- X - N 

O L t 

( 6 ) 

[0025] (X is -C0-CFZ-S02- or -S02-CFZ-C0- here, and Z is F or CF3 .) 

Composition of the above-mentioned fluoro sulfonyl acetyl FURUORAIDO derivative can use 

J.Am.Chem.Soc, 82 volumes, and the method indicated by P.6181 (1960). That is, ring breakage of a 

tetrafluoroethylene or hexafluoropropylene, and the sultone (see the follov^ng-ization 6) of the cyclic 

structure generated by the reaction of sulfuric anhydride (S03) can be heated and carried out with 

catalysts, such as a little triethylamine, and a fluoro sulfonyl acetyl FURUORAIDO derivative can be 

obtained (see the following-ization 7). 

[0026] 

[Formula 6] 

2CF-CF2 + SO3 > 2-CF-CF2 



3 O a ~ O 
( 7 ) 

[0027](ZisForCF3here.) 

[0028] 

[Formula 7] 

Z-CF-CFa ■ > FSO2-CFZ-CF 

I I II 

S O 3- o o 
(7) <6) 



[0029] (Z is F or CF3 here.) . 
Moreover, in a general formula (1), the compound whose Y is alkali metal like a lithium can be 
processed with strong acid, such as a sulfuric acid and a hydrochloric acid, or H type strong ion 
exchange resin, and the compound whose Y of the structure of a general formula (1) is a hydrogen atom 
can be obtained. Moreover, the ion exchange reaction from a compound or Y whose Y is alkali metal 
can obtain the compound whose Y is the metals and ammonium other than alkali metal by neutralization 
of the compound which is a hydrogen atom. Moreover, in the polymer of this invention, when Y is a 
multicharged ion more than divalent, a bridge can be constructed in between polymers by Y. Therefore, 
the physical properties of polymers, such as solubility, can be adjusted by controlling the amount of the 
multicharged ion in Y of the whole polymer. 

[0030] To the fluoro sulfonyl acetyl FURUORAIDO derivative shown by the general formula (6) of the 
above-izing 5, furthermore, C10CC3 F6 COCl, C10CC2 F4 COCl, F0CC4 F8 COF, F0CC3 F6 COF, 
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Compounds, such as F0CC2 F4 COF, FOCCOF, m-C6 H4 2 (S02 CI), o-C6 H4 2 (S02 CI), and F02 
SC4 F8 S02 F, are added, can be made to be able to react, and the polymer of this invention can also be 
obtained. 

[0031] Since the solid polymer electrolyte of this invention contains an ionicity machine in the structure 
of a general formula (1), although it has ion conductivity only with this compound, an electrolyte 
besides for ionic conductivity adjustment can be contained further. The content of electrolytes other than 
the polymer containing the structure of this general formula (1) is 80 or less % of the weight of the 
whole solid polymer electrolyte, is 60 or less % of the weight preferably, and is 40 or less % of the 
weight especially preferably. Both mineral salt an organic salt an inorganic acid and an organic acid are 
usable as this electrolyte. As this example, the metal salt of organic acids, such as inorganic acids, such 
as a tetrapod fluoroboric acid, perchloric acid, a nitric acid, a sulfuric acid, a phosphoric acid, fluoric 
acid, and a hydrochloric acid, a trifluoromethane sulfonic acid, a fluoro propane sulfonic acid, a screw 
(trifluoromethane sulfonyl) imido acid, an acetic acid, a trifluoroacetic acid, and a propionic acid, and 
these organic acids, and an inorganic acid is mentioned, for example. These can also be used 
independently, and can also mix and use two or more electrolytes. 

[0032] Furthermore, perfluoro sulfonic-acid system polymer, perfluoro carboxylic-acid system polymer, 
or these metal salts can also be used, mixing with the polymer which has the structure of a general 
formula (1). It is one kind, and two or more kinds can use the cation chosen from a proton, an alkali- 
metal cation, an alkaline-earth-metal cation, a transition-metals cation, a rare-earth-metal cation, an 
ammonium ion, etc. as a cation of this electrolyte, mixing. Since this cation kind changes with uses to be 
used, the kind of cation is not limited. For example, when using the solid polymer electrolyte of this 
invention for a lithium cell, as Y in a general formula (1), a lithium is desirable and it is desirable to use 
lithium salt also as an electrolyte to add. When using especially as a lithium secondary battery, in order 
to use a latus potential field, stable lithium salt is electrochemically [ an electrolyte ] desirable, and they 
are CF3 S03 Li, C4 F9 S03 Li, 2 (CF3 S02) NLi, LiBF4, LiPF6, LiC104, and Li AsF6 as this example. 
It can mention. 

[0033] Moreover, the plasticizer of a non-drainage system quantity dielectric constant can be made to 
contain for on-the-strength adjustment of ionic dissociation promotion of the solid polymer electrolyte 
of this invention, processability, flexibility, etc. This plasticizer is less than 90% of the weight of the 
whole solid polymer electrolyte, and is 50 or less % of the weight still more preferably 70 or less % of , 
the weight preferably. As matter used as this plasticizer, ethylene carbonate. Annular carbonate, such as 
propylene carbonate and butylene carbonate Chain-like carbonate, such as dimethyl carbonate, diethyl 
carbonate, and methylethyl carbonate Ether, such as a tetrahydrofuran and a methyl tetrahydrofuran, 
Annular [, such as a butyrolactone, propiolactone, and methyl acetate, ] and chain-like ester Nitryl 
compounds, such as an acetonitrile and a propionitrile, a silicone oil, Low-molecular organic 
compounds, such as a hydrocarbon, oligo ethylene oxide, a polyethylene oxide, Aliphatic polyether 
compounds, such as a polypropylene oxide, poly vinylidene fluoride. Fluorine system polymer, such as 
a vinylidene fluoride system copolymer represented with poly (vinylidene fluoride- 
hexafluoropropylene). Polar-group content oligomer, such as a polyacrylonitrile, aliphatic polyester, and 
an aliphatic polycarbonate, and a polar-group content macromolecule organic compound can be 
mentioned. 

[0034] A component is chosen according to the use using the polymer and electrolyte which were 
explained above, and a plasticizer, and the solid polymer electrolyte of this invention is constituted. If 
there is furthermore need, the polymer of further others and a ceramic can be added and many properties 
can be adjusted. After the manufacture method of the solid polymer electrolyte of this invention carries 
out uniform mixture of the component of the aforementioned solid polymer electrolyte, the method of 
carrying out a fabricating operation to a predetermined configuration and the method of making the 
polymer which has the structure of the general formula (1) of a predetermined configuration diffuse an 
electrolyte and a plasticizer one by one can be used for it. All of the method of applying the solution of a 
component on a substrate and forming in the shape of a sheet as the former method, the method of 
carrying out back cooling processing which fabricated the component in the heating melting state, the 



http ://www4. ipdl .j po.go.j p/cgi -bin/tran_web_cgi_ejj e 



10/29/03 



Page 7 of 1 1 



method of pressing a powdered component into a predetermined configuration, and the method of 
making the Plastic solid compressed and formed diffuse a plasticizer etc. are usable. Moreover, if there 
are a polymerization nature monomer and need with the polymer which has the structure of the general 
formula (1) which is a solid polymer electrolyte, an electrolyte, and a plasticizer, after mixing an 
initiator, polymer can also be made to form into mixture by radiant-energy irradiation of heat, an 
electron ray, radiation, etc. Furthermore, it is the purposes, such as intensity of the solid polymer 
electrolyte which carried out the fabricating operation, and solvent content nature regulation, and it is 
also possible to irradiate and denaturalize a radiant energy. 

[0035] Next, the cell using the solid polymer electrolyte of this invention is explained. The cell of this 
invention has the structure which the positive electrode and the ne gative electrode joined through the 
above- mentioned solid polymer electrolyte. For example, when a cell is a lithium cell, it is desirable that 
-irnidoTItiirum salt structure contains in the structure of the polymer which has the structure of a general 
formula (1), Moreover, it is desirable to use lithium salt as an electrolyte added to this polymer. Under 
the present circumstances, the matter in which occlusion discharge of a lithium is possible is used as the 
positive electrode and negative electrode of a cell. The material which has high potential to a negative 
electrode as this positive-electrode matter is chosen. As this example, Lil-xCo02 and Lil-x Ni02, Lil- 
X Mn02 and Lil-x M02 (it Co(es) 0< x<l and M) Li2-y Mn02 (0< y<2) showing the mixture of nickel, 
Mn, and Fe, Lil-x V 205 and Li2-y V 205 (0< y<2), The oxide of Lil.2-x'Nb 205 etc. (0<x'<1.2), Lil- 
X TiS2, Lil-x MoS2, and Li3-z NbSe3 (0< z<3), Organic compounds, such as which metal 
chalcogenide, polypyrrole, the poly thiophene, the poly aniline, the poly acene derivative, a 
polyacethylene, a poly thienylene vinyl ene, the poly propine vinyl ene, a dithiol derivative, and a 
disulfide derivative, can be mentioned. 

[0036] Moreover, the material which has low potential to the above-mentioned positive electrode as a 
negative electrode is used. As this example, metal lithiums, such as a metal lithium, an aluminum 
lithium alloy, and a magnesium aluminum lithium alloy. Carbon system material, such as an 
intermetallic compound of AlSb, Mg2 germanium, NiSi2, etc., graphite, corks, and a low-temperature 
baking macromolecule, a SnM system oxide (M expresses Si, germanium, and Pb.) Sil-y M'y Oz (M' 
expresses W, Sn, Pb, B, etc.) The lithium solid solution of metallic oxides, such as a multiple oxide, 
titanium oxide, and an iron oxide Li7 MnN4, Li3 FeN2, Li3-x Cox N, Li3-x NiN, Li3-x Cux N, Li3 
BN2, Li3 A]N2, and Li3 SiN3 Ceramics, such as a nitride, etc. are mentioned. However, since what is 
necessary is just the material which has conductivity when returning a lithium ion by the negative 
electrode and using as a metal lithium, it is not limited above. 

[0037] The positive electrode and negative electrode which are used for the cell of this invention carry 
out the fabricating operation of the above-mentioned material to a predetermined configuration. As a 
gestalt of an electrode, either a continuum or the binder dispersing element of powder material is usable. 
As the forming method of the former continuum, electrolysis, vacuum evaporationo, sputtering, CVD, 
melting processing, sintering, compression, etc. are used. Moreover, the latter method mixes and 
fabricates a powdered electrode material with a binder. Polymer, such as distributed polymer, such as 
fluorine system polymer, such as poly vinylidene fluoride and the poly (vinylidene fluoride- 
hexafluoropropylene) copolymer, a styrene-butadiene latex, and a tetrafluoroethylene latex, a polymer 
precursor, a metal, etc. are used as this charge of a cementitious material, and the solid polymer 
electrolyte of this invention can also be used as a binder. Moreover, in order to perform the electronic 
'ti'anskion of a positive electrode or negative-electrode rnaterial, a charge collector can be formed in an 
electrode with the low material of electric resistance. This charge collector can be used as a substrate 
and an electrode can also be formed by the above-mentioned method. Moreover, the plasticizer and > , 
electrolyte which are the com^nent of the solid polymer electrolyte oTthis invention can be introduc^e d 
into the cell constituted from structure of a positive electrode / solid polymer electrolyte / negative ^ 
electrode by methods, such as sinking in and diffusion . 

[0038] In the case of a lithium cell, the gestalt of a cell has the structure which the positive electrode and 
the negative electrode joined through the solid polymer electrolyte. For example, it can consider as the 
shape of a sheet, or roll-like structure by making into a unit the positive electrode / solid polymer 

• *, 
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electrolyte / negative electrode which carried out the laminating of the positive electrode, negative 
electrode, and solid polymer electrolyte which are a sheet-like component one by one. Moreover, it is 
also possible to consider as the group cell which connected the electrodes of a cell unit in parallel or in 
series. Especially in the case of a solid electrolyte cell, it has the feature to which voltage can be made to 
increase with the number of series connections. Moreover, if there is need, the protective layer for the 
external terminal strapping portion for current ejection and pouring, a cunrent-potential control circuit 
element, moisture absorption prevention of a cell unit and a layered product, structure protection, etc. 
can be prepared in a cell electrode, or it can package-ize. 

[0039] Since the polymer of this invention has an ionicity machine with a high degree of dissociation 
with high density, it has the function which was excellent as ion exchange resin or a solid acid catalyst, 
that is, it is independent about the polymer of this invention - it is - it is the gestalt held to support, and 
it can use for water treatment, separation refining, analysis, etc. as ion exchange resin, and acid type 
structure has the function which was excellent as a super-strong acid type solid acid catalyst Moreover, 
since various metal ions can be held, the thing holding the rare earth metal can be used also as a 
fluorescent substance. Since it does not stop at the above-mentioned lithium cell since it excels in 
flexibility, processability, and a mechanical strength in having high ionic conductivity when especially 
the polymer of this invention is used as a solid polymer electrolyte, but it can apply to various 
electrochemistry elements, such as an alkaline cell, a lead cell, a nickel hydoride battery, a fuel cell, a 
photoelectrochemical cell, and an electrochemistry sensor, and equipment, it is desirable on industry. 
[0040] 

[Embodiments of the Invention] An example explains this invention to a detail further below. 
[0041] 

[Example 1] After making a proof-pressure container mix sulfuric anhydride (S03) and a 
tetrafluoroethylene, the product was distilled (boiling point of 42 degrees C), and the 2-hydroxy tetrapod 
FUROORO ethane-sulfonic-acid sultone was obtained. Where this 2-hydroxy tetrafluoro ethane- 
sulfonic-acid sultone is ice-cooled, ring breakage of the little triethylamine was added and carried out, 
and fluoro sulfonyl difluoro ASECHIRUFURUORAIDO was compounded. 

[0042] Next, after the solution which diluted fluoro sulfonyl difluoro ASECHIRUFURUORAIDO 27g 
(0.15 mols) with THF27ml was dropped at 150ml (0.15 mols) of one-mol[/l. ] THF (tetrahydrofuran) 
solutions of a lithium screw (trimethylsilyl) amide, ice-cooling, the temperature up was carried out to 
them and it was made to react to them to a room temperature for 8 hours. After carrying out the polymer 
which deposited a ** exception, it washed by diethylether 200ml, the vacuum drying was carried out at 
100 degrees C, and 14.8g of polymers of light yellow was obtained. After having carried out the ** 
exception, having removed insoluble matter, after dissolving this polymer in ethanol 80ml, and making 
filtrate trickle and reprecipitate in the 1.61. ether, it dried at 100 degrees C and the 9g polymer was 
obtained. 

[0043] It has checked that the reduced viscosity of the THF solution of this polymer was 0,32 dl/g (30 
degrees C), and was a polymer. The weight average molecular weight of the polystyrene conversion 
called for by GPC measurement of a DMF (dimethylformamide) solution was 190,000 and number 
average molecular weight 130,000. Moreover, elemental analysis showed that content of the Li was 
carried out 4.4% of the weight (4.2 % of the weight of calculated value). In the methanol solution of this 
polymer, the cast and as a result of drying, forming a film and measuring an infrared absorption 
spectrum, the absorption peak of 1654cm-l (C==0), 1322cm-l (S02), and 1 146cm-l (CF2) was 
observed. Moreover, it is CF2 as a result of 19 F-NMR spectrum measurement of the heavy methanol 
solution of this polymer. The -108.8 ppm (CFC13 criteria) single resonance peak corresponding to a 
machine was observed. The triplet resonance peak was observed by 167 ppm (C=0) and 116 ppm (CF2) 
by the same 13 C-NMR spectrum measurement (tetram ethyl silane (TMS) criteria) of a polymer solution. 
The above measurement result showed that the polymer which makes ( -802 CF2C0N Li-) a unit was 
generating. The cast of the NMP (N-methyl pyrrolidone) solution of thlTTnacromoleculFwas"carriea out" 
on the stainless steel sheet, the solvent was evaporated, and the film with a thickness of 2 micrometers 
was produced. As a result of putting both sides of this film with a stainless steel sheet and performing 
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impedance measurement (EG&G Co., 389 type impedance meter), the ionic conductivity of a room 
temperature (20 degrees C) was 6x10 to 6 S/cm. Moreover, the ion transference number measured by the 
direct-current ionic-polarization method was 0.96. 
[0044] 

[Example 2] Ig of polymers and poly vinylidene fluoride Ig produced in the example 1 were dissolved 
in NMP20ml, and the uniform solution was adjusted. The cast of this solution was carried out on the 
stainless steel sheet, and the polymer film of 65 micrometers of dryness thickness was produced. As a 
result of putting a stainless steel sheet for this sheet as an electrode and performing impedance 
measurement, room temperature ionic conductivity was 6x10-6 S/cm. 
[0045] 

[Example 3] Polyethylene-glycol (molecular weight 6000) Ig and THF20ml were mixed to Ig of 
polymers produced in the example 1, and the uniform solution was adjusted to them. The cast of this 
solution was carried out on the stainless steel sheet like the example 2, and the polymer film of 22 
micrometers of dryness thickness was produced. As a result of evaluating ionic conductivity like an 
example 2, room temperature ionic conductivity was 8x10-6 S/cm. 
[0046] 

[Example 4] After 150ml (0.15 mols) of one-mol[/l. ] THF solutions of a lithium screw (trim ethyl silyl) 
amide was dropped into the solution which diluted ice-cooled fluoro sulfonyl difluoro 
ASECHIRUPURUORAIDO 27g (0. 1 5 mols) with THF27ml, the temperature up was carried out and it 
was made to react to a room temperature for 8 hours. After carrying out the polymer which deposited at 
this time a ** exception, it washed by diethylether 200ml. Subsequently, the vacuum drying of the 
polymer was carried out at 100 degrees C, and 13. 8g of light yellow polymers was obtained. After 
dissolving this polymer in ethanol 80ml, carrying out the ** exception and making filtrate reprecipitate 
in 1.61. diethylether except for insoluble matter, the vacuum drying was carried out at 100 degrees C, 
and 10.4g of light yellow polymers was obtained. It has checked that the reduced viscosity of the THF 
solution of this polymer was 0.4 dl/g (30 degrees C), and was a polymer. The weight average molecular 
weight of the polystyrene conversion called for by GPC measurement of the DMF solution of this 
polymer was 210,000, and number average molecular weight was 150,000. Moreover, the result of 
elemental analysis showed that content of the Li was carried out 4.2% of the weight (4.2% of calculated 
value). The cast of the NMP solution of this macromolecule was carried out on the stainless steel sheet, 
the solvent was evaporated, and the film With a thickness of 15 micrometers was produced. As a result 
of putting both sides of this film with a stainless steel sheet and performing impedance measurement, the 
ionic conductivity of a room temperature (20 degrees C) was 8x10-6 S/cm. Moreover, the ion 
transference number measured by the direct-current ionic-polarization method was 0.94. 
[0047] 

[Example 5] The cast of the solution which dissolved and adjusted the polymer produced in the example 
4 to NMP was carried out on the stainless steel sheet, the solvent was evaporated, and the polymer film 
was produced by 1 1 micrometers of dryness thickness. The superfluous ethylene carbonate into which it 
did not sink after being immersed in the ethylene carbonate which heated this film at 50 degrees C for 1 
minute was removed. As a result of putting this film with a stainless steel sheet, forming a layered 
product and impedance measurement's estimating the ionic conductivity of a polymer film, it was 1x10- 
4 S/cm. The thermogravimetric analysis of this solid polymer electrolyte showed after measurement that 
the ethylene carbonate content in a solid polymer electrolyte was 26 % of the weight. 
[0048] 

[Example 6] They are NMPlOg and LiPF6 in Ig of polymers compounded in the example 4. After 
mixing and heating (ethylene carbonate EC) / (propylene carbonate PC) mixed-solvent (1:1) solution 
(two mols/(l.)) and considering as uniform mixture, the cast was carried out on the stainless steel sheet, 
and the solid-polymer-electrolyte film of 32 micrometers of thickness was produced. As a result of the 
same method as an example 2 estimating ionic conductivity, room temperature ionic conductivity was 
4x10-4 S/cm. The thermogravimetric analysis of this solid polymer electrolyte showed after the 
conductometry that 44% of the weight of an EC/PC mixed solvent contained. 
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[0049] 

[Example 7] l.Og (polystyrene equivalent weight average molecular weight 190,000) of polymers 
produced in the example 1 was put into the flask, 10ml of sulfuric-acid solution was added 35%, and it 
agitated for four days at the room temperature. After filtering reaction mixture, it extracted twice by 
ether 10ml. As a result of carrying out the dry rise of the ether phase and drying at 60 degrees C for 3 
hours, 0.7g (79% of yield) of light brown solid-states was obtained. As a result of measuring the infrared 
absorption spectrum of this polymer, NH absorption peak was observed by 3280cm-l and 3390cm-l. 
Moreover, NH proton was observed by 1 H-NMR spectrum measurement (TMS criteria, 
solvent: deuterati on methanol) by 8 ppm of chemical shifts. It has been checked that it had been changed 
into the polymer to which the polymer which makes (-S02 CF2 CONLi-) a unit makes (-S02 CF2 
CONH-) a unit from the above result. 
[0050] 

[Example 8] After carrying out specified quantity mixture of a lithium hydroxide and the cobalt oxide, it 
heats at 750 degrees C for 5 hours, and it is LiCo02 of 10 micrometers of mean particle diameters. 
Powder was compounded. Mixed distribution of this powder and the carbon black was carried out at the 
NMP solution (5 % of the weight) of poly vinylidene fluoride (t he Kureha Chemical Industry Co., Ltd. 
make, KFl 100), and the slurry was produced. In addition, thesolid-content weight composition in a 
slurry was taken as LiCo02 (85 % of the weight), carbon black (8 % of the weight), and polymer (7% of 
weights). Application dryness of this slurry was carried out by the doctor blade method on aluminum 
foil, and the sheet of 1 15 micrometers of thickness was produced. Subsequently, the NMP solution (10 
% of the weight) of the polymer produced in the example 1 was applied on this sheet, and it considered 
as 19 micrometers of dryness thickness. Furthermore, the laminating of the metal lithium foil was 
carried out on this, and the electrode layered product consisted of composition of a positive electrode 
(LiCo02) / polyelectrolyte / negative electrode (metal lithium). Subsequently, the stainless steel terminal 
was attached in the positive electrode of an electrode layered product, and the negative electrode, and it 
connected with the terminal of a glass cell, respectively, and enclosed in argon atmosphere. A charge- 
and-discharge machine (Hokuto Denko 101 SM6) is used for this cell, and it is current density 0.1 
mA/cm2. Charge and discharge were performed. The inter-electrode potential after charge is 4.2V (after 
[ constant-current charge ] 4.2V law potential charge), and has checked charge. Moreover, as a result of 
performing electric discharge by cut-off voltage 2.7V constant-current discharge, repeat charge and 
discharge are possible and it turns out that it operates as a rechargeable battery. 
[0051] 

[Example 9] To the needle-coke powder of 10 micrometers of mean particle diameters, mixed 
distribution of the NMP solution which carried out equivalent **** uniform mixture of the polyethylene 
oxide of the polymer produced inthe example 1 and molecular weight iuu,uuu was carried out, and the 

Tsiurr y was]producgd"('dr^ weight a mixing ratio : a need le-coke (92 % of the weight) polymer an d 
mixture of a polyittiylene^^ider^S:^^ weight)) This slurry was applied bv the doctor blade 
method on the stainless steel sheet, and the film (electrode layer) was formed by 120 micrometers of 
dryness thickness. Subsequently, on this film, the NMP solution (10 % of the weight of solid contents) 
of the polymer produced in the example 1 was applied, and the polymerization body whorl was formed 
by 8 micrometers of thickness. LiCo02 in which the polymerization body whorl which produced this 
polymerization body whorl in the example 7 to the corks electrode which carried out surface formation 
was formed The cell which carried out the laminating of the electrode in the direction which opposes a 
polymerization body whori, and was joined by corks (negatrveelectrQd_e)Xpdyr^^ 
electmlyte V/LiCoQ2 (positive electrode) was formed. Subsequently, after enclosing a cell witlTaglass 

"celTwith anelectrode, the charge-and-discharge machine performed charge and discharge like the 
example 8. Current density A/cm2 of lOmicro As a result of performing after [ constant-current charge ] 
constant potential (4.2V) charge, and constant-current discharge (2.7V cut-off), the cell voltage after 
charge was 4.2V, and electric discharge and repeat charge and discharge were possible for it. 
[0052] 

[Example 10] It reacted like the example 4 except cooling at -5 degrees C and having made the THF 
http : //www4 . i pdl .j po. go.j p/cgi -bin/tran_web_cgi_ejj e 1 0/29/03 



Page 1 1 of 1 1 



solution of fluoro sulfonyl difluoro ASECHIRUFURUORAIDO react. After the reaction refined like the 
example 4 and obtained 10. 3g of light yellow polymers. The spectrum data of this polymer were in 
agreement with the thing of the polymer obtained in the example 1 . The reduced viscosity of the THF 
solution of this polymer was 0.89 dl/g (30 degrees C). 
[0053] 

[Example 1 1] The column of the diameter of 1.0cm was filled up with ion-exchange-resin Amberlite IR- 
120B(ORGANO CORP. make)13ml, 200ml of 0.5 convention hydrochloric acids was dipped in this, 
and 200 moreml water washed. Subsequently, the solution which melted 3.0g of polymers produced in 
the example 10 in 300ml water was dipped, and 50 moreml water washed. As a result of carrying out the 
dry rise of the aqueous phase and drying at 50 degrees C, 2.3g (80% of yield) of light brown solid-states 
was obtained. The spectrum data of this polymer were in agreement with the thing of the polymer 
obtained in the example 7. When the neutralization titration was performed for this polymer by 1 / 100 
convention NaOH, a neutralization equivalent is 6.2m Eq/g, and the titration curve showed that this 
polymer was strong acid. Moreover, as a result of elemental analysis, the amount of survival of Li was 
25 ppm, and the acid type conversion rate was 99.9%. 
[0054] 

[Effect of the Invention] The polymer of this invention has high ionic conductivity from having an 
ionicity machine with a high degree of dissociation with high density, and can use it as ion-exchange- 
resin material, solid-acid-catalyst material, a solid-polymer-electrolyte material, etc. When it uses 
especially as a solid polymer electrolyte, it is greatly useful on [ from a bird clapper ] industry in it being 
possible it not only to have high ionic conductivity, but for there to be no liquid spill and to offer a 
reliable lightweight cell by excelling in processability, flexibility, a mechanical strength, and the ion 
transference number, and using this for the ionic migration medium of a solid state battery. 



[Translation done.] 
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